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UNUSUAL  METALLOPQRPHYRINS1 

« 

Minoru  Tsutsui  and  C.  P.  Hrung 

Department  of  Chemistry,  Texas  A&M  University,  College 
Station,  Texas  77S*+3 


The  use  of  metal  carbonyls  for  the  insertion  of  metal  ions  in- 
to porphyrins  was  first  introduced  by  Tsutsui  and  co-workers2 *3  in 
1966.  This  method  has  developed  itself  to  be  a useful  and  -unique 
technique  ir  the  synthesis  of  new  metalloporphyrin  complexes  with- 
in the  last  decade.  In  addition  to  a number  of  previously  retorted 
netalloporphyrins , the  reaction  of  metal  carbonyls  and  metal  car- 
bonyl halides  with  neutral  porphyrins  has  led  to  the  syntheses  of 
new  metalloporphyrin  complexes  of  chromium,  molybdenum,  technetium, 
ruthenium,  rhodium,  rhenium,  arr*  iridium.  Except  for  the  chromium 
and  molybderum  porphyrin  cchpiexes,  carbonyl  groups  are  retain ;d  by 
the  metals  :.n  the  new  metalloporphyrin  complexes. 


By  reaction  of  dirhenium  decacarbonyl , RepCCO)^,  or  dit  ^hr.e- 
tiua  decacarbonyl,  TcgCCO),^,  with  mesoporphyrm  IX  di-.r.:-r'r;-l  ter, 
M-MPIXDME,  in  refluxing  decalir.  under  argon , Tsutsui  an  1 -tens 


nave  successfully  prepared  two  unusual  rhenium  crcanometa- ' :t 
phyrins^*0,  (H-MP}Re(CC/?,  .1,  and,M?(Re(CC;,]9,  II,  a pair  c:'  ech- 
r.eti-ua  organometalloporphyrins , ‘ (H-M?  'TotCC!,,  "Ill,  ant  '.C- 

(C0),]3,  IV,  and  £ -J  — J 

( OC ) jReMP^c ( CO ) ^ , ^ 
analysis  of  y-[r.eso-tetraphenylporphinato]bis[tricarbor.yirhenl  m(l)- 
1^0,  rpPP[Re(C0)^ToT  VI , (Figure  2),  has  shown  that  each  rhenium  ion 
Is  bonded  to  three  nitrogen  atoms  and  that  two  rhenium  atoms  are 
bonded  to  one  porphyrin  on  opposite  sides  of  the  plane  of  the  por- 
phyrin molecule. 


( CO ) 3 ] 2 » 3111(1  a mixe^  rhenium  technetium  organomet  allot  err...  rin,^ 

) jReMPTc ( CO ) ^ , V,  (Figure  1).  A single  crystal  X-ray  diffraction 


The  metal  ions  in  these  complexes,  I -VI,  sit  out  of  the  plane 
of  the  porphyrin  molecule.  The  monorhenram^ and  monotec hnetiua  or- 
SWometalloporphyrin  complexes,  I and  III,  where  the  porphyrin  moi- 
ety acts  as  a tridentate  ligand /v'reserat)13?  Fleischer’s  proposed  "sit- 
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Figure  1.  Schematic  diagram  of  ( OC ) ^ReMpTc ( CO ) , , V;  The  al’.'.  l sub- 
stituents on- the  porphine  ring  vere  omitted  for  clarity. 


11  1 o 

ting-atop  complex'  * and  are  good  models  for  the  intermediates 
in  the  insertion  of  a metal  ion  into  porphyrin. ^3  The  dirhenium, 
ditechnetium,  and  the  mixed  rhenium  technetium  organometallcporp'nyrin 
complexes,  II,  ££,  V,  and  VI,  where  the  porphyrin  moiety  acts  as  a 
hexadentate  ligand,  are  examples  of  the  first  isolated  stable  hoao- 
and  hetero-dinuclear  organometalloporphyrin  complexes. 9 The  mono- 
rhenium porphyrin  complex,  I,  reacts  with  Re2(C0)1Q  or  Tc2(C0)1Q  in 
refluxing  decalin  to  form  rhenium  porphyrin  complex,'  II,  and  the 
mixed  rhenium  technetium  porphyrin  complex, 9 v,  respectively.  Re- 
placement or  th»  pyrrolic  proton  (N-H)  of  the^monorhe^ium  porphyrin 
complex  by  other  metal  ions  such  as  Ag+,  Hg^+,  and  Pbc+,  has  re- 
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Figure  2.  Coordination  sphere  showing  bond  distances  arour.  the  Re 
atoms  of  TPP[Re(C0)3]2,  V£. 


suited  in  unstable  complexes. 

The  temperature  dependent  nmr  spectra  of  (HMP)Tc(CO)^,  (HMP)Re- 
(CO ) ^ and  (H-TPP)Re(C0)31^  have  been  shown  to  exhibit  fluXicnal  be- 
havior. The  metal  atoms  migrate  about  the  face  of  the  porphyrin 
ring  via  an  intramolecular  mechanism.  This  is  the  first  example  of 
fluxional  behavior  of  out-of-plane  organometalloporphyrins  reported. 

The  monotechnetium  porphyrin  complex,  III,  (Figure  3),  behaves 
in  a different  manner  by  disproportionating^cj  form  a ditechnetium 
porphyrin  complex,  IV,  and  the  free  porphyrin,  HgMFIXDME,  by  heating 
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Figure  3.  Disproportionation  of  (H-Mp)Tc(CO),,  III,  by  heating. 


tr(CO)|CI 


CO 

Z37 

Cl 


Figure  U.  Reaction  scheme  for  iridium  porphyrin  prepared  ia  Ir- 
(C0)3C1. 


g 

in  refluxing  decalin  (Figure  k) . This  is  also  the  first  example 
of  unusual  coordination  phenomenon  reported.  Such  a reaction  was 
not  observed  on  heating  monorhenium  porphyrin  complex,  £,  in  re- 
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fluxing  ieealin.? it  seems  that  both  the  rhenium  and  technetium 
dimetalloporphyrin  complexes  are  thermodynamic ally  more  stable  than 
the  monometalloporphyrin  complexes » because  a reverse  reaction  of 
MPtMtCO)^]^  t0  (H-MP)M(C0)«,  (M  ■ Re  or  To),  could  not  be  detected 
between  *nd  HjjHPEt&ME  in  refluxing  deealin  for  either 

the  rhenium  or  technetium  dimetalloporphyrin  complexes. 5"® 

Two  different  methods  were  employed  by  Fleischer  and  co-workers 
in  1967  ir.  preparing  the  rhodium  *nd  iridium  porphyrin  complexes.1?, 
In  one,  the  freshly  prepared  metal  carbonyl  halides,  [RhCCO)^- 
Cl]*  and  [irtCdUci] , were  allowed  to  react  with  the  porphyrins  In 
glacial  acetic  acid  solution  to  form  the  respective  metalloporphyrins 
(Figure  5).  In  the  second  method,  the  cyclooctene  complexes  of  rho- 
dium and  iridium  were  found  to  be  reactive  intermediates  useful  in 
the  aetalloporphyrin  formation  (Figure  6).  In  both  methods,  incor- 
poration of  rhodium  into  the  porphyrin  was  more  readily  achieved 
than  was  iridium.  By  the  reaction  of  [Rh(C0)gCl]2  vith  meso-tetra- 
phenylporphine , H9TPP,  in  refluxing  benzene,  two  stable  organometal- 
loporphyrin  derivatives  of  rhodium,  Rh1IIC0(TPP)  Cl  and  ( cr-phenyl ) - 
Rh^CTPP) 'Cl,  were  separated  by  chromatography  on  an  alumina  column 
by  Fleischer  and  co-workers1? t1®  (Figure  7). 


Recently,  Yoshida  and  co-workers  were  able  to  prepare  two  novel 
dinuclear  rhodium(l)  organometalloporphyrin  complexes1* ,20 1 and 


Figure  5.  Reaction  scheae  for  iridium  porphyrin  prepared  via  iridi- 
um cyclooctene  complex. 


360 


MINORU  TSUTSUI  AN3  C.  P.  KRUNO 


. (figure  8),  by  modifying  Fleischer's  raaction  conditions  for 
'preparation  of  RhmC0(TPP)  «C1  and  (c-phenyl)RHlv(SPP)  ‘Cl  in  re- 
fluxing  benzene.^? A®  Octaethylporphyrin,  OEPHg,  or  (N^methyl)  ©e- 


taethylporphyrin  reacts  with  tRh(C0)j>Cl]2  in  bensene  solution  at 
room  temperature  under  nitrogen  atmosphere  to  produce  VII  and  VIII. 
From  the  spectral  data  and  the  experiaently  deterained'molecular1' 
weight,  VII  was  formulated  as  an  acid,  H^COEP'Hh^CO). Cl]-,  which 

'WU  * * 


Figure  6.  Preparation  of  new  metalloporphyrin  complexes  of  rhodium 
in  refluxing  benzene. 


Figure  7.  Two  unusual  metalloporphyrin  complexes  of  rhodium  pre- 
pared in  bensene  at  room  temperature. 


UNUSUAL  METALLOFORFHYRINS 


l6l 

20 

contains  a Rh-Cl-Rh  bridge.  The  proton  nmr  and t infrared  spectral 
data  indicate  that  the  [RhtCO^ClU  moiety  is  maintained  and  the  N- 
K and  N-CJU  bonda  exiat  in  VIII,  Since  the  Rh-Rh  distance  in  (Rh- 
(COjgCl]^  naa  been  report ed'^f^be  3.12  A,  and  the  distance  between 
the  two  adjacent  nitrogen  atoma  of  planar  porphyrin  ia  about  2.9  A, 
it  waa  assumed-1-*  that  the  two  Rh  atoma  of  the  [Rh(CO)9Cl]«  moiety 
are  bonded  to  the  two  adjacent  nitrogen  atoma  of  the  porpnyrinato 
core  of  aa  shown  in  Figure  3.  X-ray  analysis  of  VII,  however, 

showed  the  atoms  to  lie  above  and  below  the  porphyrin  r*ng  and  off 
of  the  S2  axis  normal  to  the  porphyrin  plane  (Figure  9).2*  Upon  ex- 
posure to  air,  VII  waa  slowly  oxidized  to  form  r rhodium(III)  chloro 
complex  ot  octaethylporphyrin,  RhIIICl(OEP) -aHjO,  which  can  further 
react  with  alkyl  lithium  to  give  an  alkyl -rhodium  complex.  However, 
VjC^I  behaves  in  a different  manner  to  give  the  identical  alkyl-rhe- 
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Alum  complex  either  by  gentle  heating  in  chloroform  or  chromatogra- 
phy  on  silica  gel  (Figure  8).  This  phenomenon  of  alkyl  migration 
from  a nitrogen  atom  to  a metal  ion  is  reported  for  the  first  tine. 
The  alkyl  migration  may  proceed  concertedly  with  oxidation  of  rho- 
diua(I)  to  rhodium(XII) . The  N-CH*  bond  fission  seems  to  be  facili- 
tated by  the  aid  of  a low-valent,  rhodium  ion.1?  The  reaction  of 
(N-ethyl)octaethylporphyrin  with  (RhfCO^CiJg  yields  a rhodium(I) 
complex  similar  to  VIII,  vhich  is  also  easily  oxidized  to  CH-CH2* 
Rh***(0£P).  The  me£ft%usm  of  metal  oxidation  and  alkyl  migration 
is  still  unknown. 


IMIDAZOLE  £ N 


Figure  9.  Reaction  scheme  for  ruthenium(II)  porphyrin. 


Both  ruthenium  < ^'-^yL,  Ru,(CG).,,,  and  ruthenium  r.-'b..*  -1  ha- 
lide, [Ru^COj^Cl,], , react  with  »etrap"anylporphir.3 , t::  he  i- 

dentical  product^  monocarbonyl  rutneniun( XI ) tetraphas;;. a ne,2-* 

23  TPPRuCO,  IX,  It  was  found  that  IX  crystallites  with  a mo.,  -cule 
of  either  al2&hol  or  water,  and  that  these  weakly  bound  molecules 
are  trans  to  the  cr.r*onyl  ;roup.23  Recently,  a single  crysti-..  X-ray 
diffraction  analysis4^21*  confirmed  this  structure.  Inidazo.  and 
similar  organic  bases  complex  immediately  at  room  temperature  with 
TPPRuCQ  upon  mixing  in  benzene, *5 ,26  However,  as  expected  for  a low- 
spin  d®  system,  substitution  reactions  of  the  monocarbonyl ruthenium- 
(II)  complex  take  place  slowly  and  under  severe  conditions  to  replace 
the  carbonyl  group. Irradiation  of  degassed  benzene  or  pyridine 
solutions  of  monocarbonyl  ruthenium(ll)  aetioporphyrin-I  pyridinate 
with  visible  or  ulta-viclet  light  leads  quantitatively  to  a ruthe- 
nium(II)  porphyrin  photodiner  with  a metal-metal  bond.-"  It  is  of 
interest  that  MPRuCO  in  benzene  solution  reacts  smoothly  with  excess 
nitric  oxide  to  form  a dinitrosylruthe ■ * jm(ll)  mesoporphyrin  complex2- 
(Figure  10). 


io< 


From  the  X-ray  crystal  structure  analysis  of  both  rhenium  and 
rhodivsn  out-of-plane  metalloporphyrin  complexes, 10»21  yi  and  VII, 

It  would  appear  that  the  metal  carbonyl  moieties  prefei^to  cocftdi- 
nate  to  adjacent  nitrogen  atoms  rather  than  alternate  nitrogen  a- 
toms  of  the  porphyrin  ring,  causing  the  metal  atoms  to  lie  off  the 
S2  axis  normal  to  the  porphyrin  plane.  It  is  of  interest  that  in 
these  unucual  metallcporpkyrins  complexes  (F.e,  Tc,  Rh),  the  por- 
phyrins act  as  di-,  tri-,  or  hexade.ntate  ligands  which  are  consider- 
ed to  be  nonclassical  coordination  numbers  for  them.  The  coordina- 
tion of  each  out-of-plane  metal  atom  to  two  or  three  nitrogens  of 
the  porphyrin  ring  is  predicted  by  the  l8-electron  rule  with  the  me- 
tal in  a low  oxidation  state  (+1;  d , d°). 

Further  use  of  "unusual"  synthetic  metalloporphyrins  is  expect- 
ed in  elucidating  the  geometries  which  axial  ligands  can  assume.  One 
approach  would  be  to  examine  the  metalloporphyrin  complexes  of  metals 
known  to  exhibit  coordination  numbers  greater  than  six.  Scandium 
porphyrin^'- ’■  forms  complexes  in  which  axially  coordinated  acetate 
or  acetylace - -iiate  acts  es  a bidentate  ligand.  Considering  the  size 
and  electrons  structure  of  the  metal  and  the  steric  requirement  of 
the  ligands,  it  is  to  be  expected  that  the  scandium  is  situated  above 
the  porphyrin  plane.  Zirccnium(lV)  and  hafnium(IV)  form  porphyrin 
complexes29  each  containing  two  bidentate  acetate  ligands.  It  has 
been  proposed^  »32  that  the  metal  atoms  are  also  cut  of  the  porphyrin 
plane,  thus  coordinating  both  acetates  on  the  same  side  of  the  por- 
phyrin (Figure  11 ). 

X-ray  crystal  structure  analysis  of  both  uraniun(T.V) , and  cin- 
(IV)  phthalocyanine  complexes^, 3^  have  shown  that  both  cornier  s 
are  sandwich  type  compounds  with  the  metal  atoms  sitting  cr.  th-:  ^ 
axis  and  out  of  the  phthalocyanine  plans  (Figure  12).  Feme  la:  :a- 

nide(III),  (la,  Ce,  I'd , Eu,  tr.  To)  phthalocyanine  complex  -re 

also  prepared  and  proposed  tc  have  similar  sandwich  structures. 

These  out-of-plane  metallc-phthalocyanine  complexes  are  clone  r - 
l&ted  examples  of  the  above  reported  unusual  metalloporphyrins . 

Recently,  a "trip.1-:  decker  sandwich"  type  polynuclear  mercuric 
porphyrin  complex^  has'oeen  prepared  which  illustrates  another  type 
of  out-of-plane  metalloporphyrin  complex.  This  compound  illustrates 
the  possibility  of  forming  more  extensive  stacked  polymers  of  metal- 
loporphyrin (Figure  13). 
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